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SUMMARY 

Thl. hydraulic model s tudies  discussed i n  t h i s  repor t  were made 
t o  develop a s t i l l i n g  basin, t rapezoidal  i n  cross  section,  which would 
s a t i s f a c t o r i l y  d i s s i pa t e  the  energy of t h e  water f a l l i n g  through t h e  
trapezoidal  drop. S p c i f i c a l l y ,  the  s tud ies  included tests t o  determine 
the s i z e  and loca t ion  of t h e  control  s l o t s  upstream from the  t rapezoidal  
drop, the shape of the  drop chute, and t h e  dimensions of the s t i l l i n g  
basin, Figure 6. The e f f ec t  of baff le  p i e r s  i n  t h e  bas in  was a l s o  
investigated as was the  need f o r  an end ,;ill a t  the  end of the  basin. 
The r e su l t s  and recommendations contained herein are based on tests con- 
ducted on a 1:6 scale  model of the  drop s t ruc tu re ,  Figures 3 and 4. 

A s  a r e s u l t  of these studies,  a design f o r  t h e  drop was 
evolved which provides a comparatively uniform d i s t r i bu t i on  of flow i n  
the  s t i l l i n g  ba s in  and permits the  water t o  en t e r  t he  downstream canal 
with a minimum of scour and waves. Eleven s t i l l i n g  bas in  designs were 
t e s t e d  i n  developing t h e  recommnded basin. The length,  width, v e r t i c a l  
drop, and s ide  slopes of the  s t ructure  were the  same i n  the  11 test 
bas ins ,  Figure 6. The designs di f fered i n  the  s i z e  and location of the  
con t ro l  s l o t s  and the  number of  valleys o r  shape of the  f loor  of t h e  
chute and s t i l l i n g  basin. Figure 26 shows the d e t a i l s  of the 1-ecommended 
basin. Table 1, page 8, summarizes the  r e s u l t s  of  the  s t i l l i n g  bas in  
s t ud i e s  . 

Upon completion of t h e  s t i l l i n g  basin s tudies ,  n s e r i e s  of 
t e s t s  were made t o  determine t h e  effect  of various end s i l ls  i n  t h e  
t r an s i t i on  a.t t h e  downstream end of the s t ructure ,  Figures 27 and 29. 
Results  of these  tests, which indicated t h a t  t he  d i f f e r en t  test  s i l l s  
had no appreciable e f f e c t  on t h e  scour depth i n  t he  downstream canal, 
a re  shown i n  Figures 28 and 30 and Table 2. The t r a n s i t i o n  s tud ies  a r e  

#. discussed on page 8. 





Hollow s tudies  and were concerned primari ly with developing s a t i s f ac to ry  
s t i l l i n g  pool operation when the flow entered the  drop s t ruc tu re  through 
two o r  more notches comprising the  control.  The con t ro l  was designed t o  
maintain the  water surface i n  t he  canal upstream from the  drop a t  normal 
e levat ion as shown on Figure 5. 

I'HE 1:6 SCALE MODEL 

The hydraulic s tud ies  of the trapezoidal  drop structure were 
conducted on a model b u i l t  t o  a geometrical sca le  of 1:6, Figures 3 and 
4. The model consisted of a 79-foot (prototype) reach of canal  upstream 
from the  drop, the t rapezoidal  drop s t ruc tu re ,  and approximately 56 f e e t  
of  the  ca?al downstream from the  drop. The bottom and s ide  slopes of 
the  drop s t ruc tu re  and the  canal upstream were made of concrete screeded 
t o  metal templates. To permit erosion s tudies  is the  canal downstream 
from the  drop, the  bottom of the  canal  was f i l l e d  with pea-gravel (and 
sand i n  the  l a t e r  s tud ies )  t o  a depth of 6 inches. The control  w a l l  and 
b a f f l e  p i e r s  were made from redwood and impregnated with boi led  l inseed 
o i l  t o  make them more water r e s i s t i v e .  

Water was supplied t o  the  model by a v e r t i c a l  turbine pump and 
metered through a combination Venturi and o r i f i c e  meter. The t a i l  wa%er 
i n  the  downstream canal was s e t  according t o  the  t a i l  water curve, 
Figure 5, b y  means of a movable t a i l g a t e  a t  the  downstream end of the  
model. To f a c i l i t a t e  the  s e t t i n g  of t he  tail water and the  measurement 
of wave heights, two white l i n e s  representing the  t a i l  water e levat ion 
f o r  discharges of 410 and 100 second f e e t  were painted on the  s ide  walls  
of t h e  canal. 

Both headwater and t a i l  water elevations were measured by ho?k 
g&ges mounted i n  s t i l l ing-wel l s  a t  the s ide  of t h e  canal. I n l e t s  t o  t he  
headwater and t a i l  water s t i l l ing-wel l s ,  respectively,  were located 18.5 
f e e t  upstream from the  control  notch (preliminary design) an2 28 f e e t  
domstream fror. tbe t r an s i t i on  of the  drop s t ructure .  

THE INVESTIGATION 

General 

The model s tud ies  of the  trapezoidal  drop s t ruc tu re  were con- 
cerned primari ly with the  s i z e  and locat ion of t he  control  s l o t s  and the  
d i s t r i bu t i on  of flow i n  the  s t i l l i n g  basin. The con t ro l  s l o t s  were 
designed t o  maintain a depth of water o f  5.7 f e e t  i n  t he  upstream canal 
a t  t h e  maximum discharge of 410 second f ee t .  Studies were made on 11 
d i f f e r en t  designs which varied i n  the  number and locat ion of the  con t ro l  



parison of the  various designs were made by observing the  d i s t r ibu t ion  
of flow i n  t he  s t i l l i n g  bas in  and measuring the height of waves i n  the  
canal 28 f e e t  downstream from the  t r an s i t i on  a t  the  end of the s t i l l i n g  
basin.  The wave heights were measured by observing the highest  point t o  
which the  c r e s t  of  t he  waves rose on the  sloping canal bank. The height 
of  t h i s  point  i n  f e e t  above the  normal water surface was recorded a s  the  
wave height. Observations were made both with and without basin ba f f l e  
p i e r s  f o r  the  maximum discharge of 41.0 second f e e t  and an intermediate 
discharge of 100 second fee t .  

Af ter  the  recommended basin had been established,  a s e r i e s  of 
t e s t s  were made t o  study several  d i f fe ren t  arrangements of ba f f l e  p i e r s  
and s i l l s  a t  the  downstream end of the  s t i l l i n g  basin.  The effect iveness  
of these arrangements were determined by scour t e s t s  and height 05 waves. 
The scour t e s t s  were made by operating the model a t  the  maximum discharge 
of 410 second f e e t  for I hour which i s  equivalent  t o  approximately 2-112 
hours i n  the prototype. 

S t i l l i n g  Basin Studies - 
Design 1. The model was o r i g ina l l y  b u i l t  accordin6 t o  the  

preliminary design, Figures 2 and 3, except t h a t  the valleys i n  the  
f loor  of the chute and bas in  were not placed i n  the model u n t i l  l a t e r  

1 i n  the studies.  '%!he valleys were omitted i n  the i n i t i a l  t e s t s  t o  obtain 
data on t he  s t i l l i n g  pool operation w i t h  a level. f loor  f o r  comparison 
with l a t e r  s tud ies  when ridges and valleys were ins ta l l ed .  Figures 3, 
4, and 6 show the d e t a i l s  of Design 1. 

I n i t i a l l y ,  the  model wrts operated with basin ba f f l e  p ie r s  
i n s t a l l ed  a t  the  base of the chute. Figure 7 shows the  nodel d i s -  
charging the maximum flow of b10 second f e e t .  Immediately downstream 
from the control  wall, the  j e t s  from the  two control  s l o t s  came together 
and formed a l a rge  f i n  of water i n  the  center  of the  chute. This con- 
centra t ion of flow continued i n to  the  s t i l l i n g  bas in  where the f lov  d i s -  
t r i bu t i on  was very poor. The flow in  the  center  of the bas in  vas very 
turbulent  and rough with pronounced s ide  eddies a t  t he  outer  edges of 

I the basin. 

I A discharge of LOO second f e e t  gave r e s u l t s  s imi lar  t o  the 
maximum discharge although the  rough water surface i n  the  center  of the  

I s t i l l i n g  pool was l e s s  severe. Wave heights measured i n  the  canal 28 
f e e t  dormstream from t h e  s t i l l i n g  basin were 0.90 foo t  f o r  the  maximlun 
discharge of 413 second f e e t  2nd 0.24 foo t  f o r  100 second f ee t .  

i 

I 

I Figure 8 shows the  operation of Design 1 with the  b a f f l e  p i e r s  
removed. The act ion i n  the  s t i l l i n g  basin w c s  very violent  and unstable 'b 

with the  concentrated flow sh i f t i ng  from s ide  t o  s ide  of the basin. A 



wholly responsible f o r  the  r e l a t i ve ly  b e t t e r  performance- shown i n  
Figure 7 and t ha t ,  bas ica l ly ,  the  arrangement of the s t ruc tu re  was very 
poor. The poor s t i l l i n g  act ton was ref lec ted i n  the  wave heights which 

1 measured 1.94 and 0.76 f e e t  f o r  410 and 100 second f ee t ,  respectively.  

Design 2. A s ingle  notch, placed a t  the  upstream end of t he  - chute, was used t o  control  t he  flow i n  Design 2, F igwe  9. It was f e l t  
t h a t  a s ingle  notch would eliminate t he  l a rge  f i n  of water i n  the  center  
of the chute and provide a more uniform d i s t r ibu t ion  of flow i n  t h e  
s t i l l i n g  basin. I n  operation, however, t he  flow spread t o  the  s i de  
slopes of the  chute and concentrated along the  sides of the  basin,  
Figure 10. The water surface was rough, and waves 0.59 foo t  high were 
metisured i n  the  canal downstream from the  s t ructure .  With the  b a f f l e  
p i e r s  removed, Figure 11, the concentration of flow a t  the  edges of the  
basin was more pronounced; and the  measured height  of waves increased 
t o  1.25 f e e t .  

Design 3. I n  Design 3, Figure 12, the  model wzs a l t e r ed  t o  
conform t o  the  preliminary design, Pigure 2. The two control  notches 
of Design 1 were re ins ta l l ed ,  and a valley 2 f e e t  deep was placed along 
each s ide  of the  chute and basin f loor .  Although the  valleys helped 
mater ia l ly  i n  spreading the  flow t o  the  outer  edges of the  chute, the re  
was s t i l l  z s l i g h t  concentration of  flow i n  the  center  of the  s t i l l i n g  
basin,  Figure 13. However, only small eddies formed a t  the  edges of the 
s t i l l i n g  basin.  The wave heights measured 0.62 foo t  f o r  a discharge of 
410 second f e e t  and 0.31 fo r  100 second f e e t .  

A s  i n  Designs 1 and 2; the  surface of the  s t i l l i n g  pool became 
very rough when-the ba f f l e  p i e r s  were removed, Figure 14,  indicat ing 
t h a t  the  shape of the chute and s t i l l i n g  bas in  was incorrect  and t h a t  
good performance wes dependent upon ba f f l e  q i e r s  might become 
damaged o r  l o s t  a l together .  Also, the flow concentrated t o  a g rea te r  
extent  i n  t he  center of  the  bas in  and sh i f t ed  t o  the l e f t  s ide  of the  
basin a f t e r  enter ing the canal. The wzve heights more th\%n doubled when 
the  ba f f l e  p le r s  were removed, Figure 12. 

Designs 4, 5 ,  and 6. Designs 4, 5, and 6 were the same a s  
Design 3 except t h a t  t he  control  notches were placed a t  Sta t ions  O+l5, 
0.i-14, and -13, respectively,  t o  obtain more uniform flow d i s t r i bu t i on  
where the  flow entered the trapezoidal  basin,  Figure 15. 

The contrgol notches were moved dow:lstream t o  Sta t ion O t l 5  i n  
Design 4. Figures 16 and 17 show the model operating a t  the  maximun 
discharge of 410 second f e e t ,  both with and without b a f f l e  p iers .  With 
t h i s  arrangement, three  d i s t i n c t  j e t s  were formed with the  l a rger  con- - centra t ions  of flow a1or.g the s ides  of the  basin a s  shown in  Figure 16. 



concentFatibn was i n  t he  center  of the  basin,  F i p r c s  7 and 8. 

The height of waves f o r  Design 4 is shown in  Figure l 5  and 
was approximately the same as Design 3, Table 1. b 

In  Design 5, the  control  notches were moved 1 foot  upstrecm 
t o  S te t ion  0+14, Figure 15. Except f o r  possibly more flow in  the center  - 
of the  basin,  the  d i s t r i bu t i on  of flow and operztion of the s t i1 l i r .g  
pool were very s imi la r  t o  t h a t  observed i n  Design 4, Table 1, page 8. 
The wave heights a re  shown i n  Figure 15. 

The control  notches were moved t o  S ta t ion  0+13 in  Design 6, 
Figure 15; and t he  d i s t r ibu t ion  of flow i n  the  s t i l l i n g  basin, Figures 
18 and 19, was considerably improved. Small s ide  eddies formed a t  the  
edges of the pool, but  t he  flow was well  d i s t r ibu ted  across  the basin. 
The maximurn wave heights measured 0.62 and 0.31 foo t  f o r  discharges of 
410 and 100 second f e e t  with ba f f l e  p i e r s  i n s t a l l ed  i n  the  basin and 
1.11 and 0.62 f e e t  with the  ba f f l e  p i e r s  removed. The wave heights,  
however, were c-{nly s l i g h t l y  l e s s  thzn those obtained with Designs 4 
and 5,  Figure 15. 

Design 7. From the  preceding t e s t s ,  it was concluded t h a t  
the  number and locat ion of t he  control  notches mater ie l ly  af fected the  
flow d i s t r ibu t ion  i n  t he  s t i l l i n g  basin. Design 6, with two notches a t  
S ta t ion  Dp.13, gave the  lowest wave heights and the  be s t  s t i l l i n g  bas in  
perfornance. However, t o  obtain fu r the r  refinement i n  the  s t i l l i n g  
basin perfornance, it became apparent t h a t  modifications t o  the cross-  
sect ional  shape of the  chute and bas in  f l oo r s  were necessary. 

In  Design 7, two peaked ridges 2 f e e t  high and extending t he  
length of the  chute and s' l l l i n g  basin were i n s t z l l ed  in  the  model, 
Figure 20. Flow through the  drop %?as controlled by a s ingle  notch 
located 15  f e e t  upstream from the chute. No ba f f l e  p i e r s  were plzced 
i n  the  s t i l l i n g  basin.  

Figure 21 shows the  operation of Desien 7 a t  a discharge of 
410 second f ee t .  T'ne flow d i s t r ibu t ion  was good with only s l i g h t l y  l e s s  
flow i n  the  center  val ley  and small eddies a t  the  edges of the  basin.  
However, when the  discharge was decreased t o  100 second f ee t ,  the  center  
valley ca r r i ed  appreciably l e s s  flow than the  outer  valleys. The wave 
heights f o r  100 and 410 second f e e t  measured 0.43 and 1-25 f e e t ,  respec- 
t i ve ly ,  as compared t o  0.62 and 1.11 f e e t  f o r  Design 6. Thus, the  mves  

1 increased i n  height a t  maximum flow but  decreased f o r  the lover flows 
when one control  notch w a s  used with the  edd i t iona l  vallay on the chute 
and bas in  f loor .  Testing was continued t o  reduce the  wave heights.  



three  d i s t i n c t  valleys i n  Design 7, it appeared that the  flow pa t te rn  
would be improved i f  a control  notch were placed a t  the  head of each 
valley. Therefore, i n  Design 8, three  i den t i c a l  control  notches were 

c i n s t e l l ed  a t  the  upstream end of the  chute, Figure 22. The valleys i n  
the  chute and basin f l oo r  remained the  same a s  i n  Design 7. 

- Figure 23 shows the  operation of Design 8 a t  a discharge of 
4 1 ~  second f ee t .  The flow from the  control  s l a t s  entered the chute 
valleys very smoothly with no appreciable turbulence below the  s l o t s .  
However, the re  r?es more flow through the  center  control  s l a t  then through 
e i t he r  of  the s ide  o lo t s  which caused a cancentration of flow i n  the  
center  of the  basin. Tnis flow concentration, which i s  evident i n  
Fitmre 23, caused ara11 eddies a t  the edges of the  basin. However, the  
height of waves was the  lowest observed thus f a r  i n  the study--0.90 and 
0.45 foo t  f o r  410 2nd 100 second ree t ,  respectively.  

Designs 9 and 10. In  Designs 9 and 10, the  control  notches 
vere moved upstream from the  chute t o  a l l ov  more flow t o  en te r  the 
outer  valleys. 

I n  Design 9, the  control  s l o t s  were placed 4 f e e t  upstream 
fron the chute, Figure 22. Thus, the  f l ou  from the  control  s l o t s  could 
spread over the  4-foot hor izontr l  sect ion before dropping i n to  the chute 
-valleys. This spreadiog of the flow caused tvo r e l a t i ve ly  high f i n s  of  
water t o  form below the  control  s l o t s ,  Figure 24. On enter ing the  chute, 
the  f i n s  of water made c conparatively rough water surface whish w a s  very 
noticedole i n  tne  still in^ basin. Small s ide  eddies a l s o  formed a t  the  
edges of the basin. The rough water surfzce was re f lec ted  i n  t he  wave 
heights which measured 1.36 f e e t  i n  the  canal f o r  z discharge of 410 
second fee t .  

In  Design 1'3, the control  o lo t s  were moved 5 f e e t  far tker  
upstrecam o r  9 f e e t  f ro=  the chute. This modificat'ion had l i t t l e  e f f e c t  
on the  f i n s  of water vnich formed dormstream from the  control  s l o t s .  
There was no apparent reduction i n  t h e i r  size, Figure 25. However, the 
water surface i n  the s t i l l i n g  basin was l e s s  rough and the wave heights 
vere approximately the  same a s  those observed i n  Design 8, Figure 22. 

The recommended design. A reczpi tu la t ion of the  s tud ies  made --- 
on the  d i f f e r en t  model zrrangernents discussed on the preceding pages i s  
shown i n  Table 1. O f  the  d i f f e r en t  designs t es ted ,  the lowest wave 
heights and the be s t  s t i l l i n g  basin perform~nce were observed i n  Designs 
8 and 13. Although the  wave heights i n  these two designs were approxi- 
mately t he  same, the flow i n  Design 8 entered the  chute without f i n s  of 
water forming downstream from the  con t ro l  notches 2nd passed through the 

w' s t i l l i n g  bas in  with Leos splash and surface turbulence. Therefore, 
Cesign 8, except f o r  the size of control  notches, is recommended f o r  
construction i n  the  f i e l d .  









more flow i n  t h e  center  than i n  t h e  outside valleys,  the  center  con t ro l  
notch was made smaller than t h e  outs ide  notches i n  the  reconmnded design. 
The t o t a l  a rea  of the  th ree  control  notches i n  both Design 8 and the  
recommended design i s  the  sme. 

Figure 26 sho~rs the  dimensions of the  control  notches f o r  t.he . recommended design which was tented  but  not photogrzphed s ince  the  c?is- 
t r i b u t i o n  of flow dppeared t o  be t h e  same RS ol~served :n D e s i ~ n  8? 
F i g r c  23. 

Tracs i t ion  Studies 

After  tne  recormended co- t ro l  s l o t s  end sti1.lir.p; basin d e s i ~ n  
had beer! developed, a s e r i e s  of t e s t s  were mcle t o  detennine the  e f f e c t  
of d i f f e r e n t  end s i l l s  i n  the  t r a n s i t i o n  a t  t h e  c lo r~zs t re~n  en3 o r  the  
s t ructure .  Five d i f f e r e n t  end s i l l s  which varicd j n  slope from 1-1/2:1 
t o  1 0 : l  were t e s ted ,  Figure 27. 

The ef fec t iveness  of each s i l l  wan determined by meesuri2f the  
depth of scour i n  the  canal  downstrean from tne s t ruc tu re  e.f ter  t h e  
nodel had been operated a t  cr ili.scnnr,;e of 4 ~ 3  second f e e t  f o r  1 hour, 
equivalent  t o  irppro::im2tely 2-1/2 'nours i n  the  p r o t o t ~ ~ e .  Sznd. was used 
3 s  t h e  erodible mater ia l  i n  ti?e bottom of tne downstream cznnl. The 
near, diameter of the  sand was L.9 a i l l i m e t e r  with 1pproximte1.y 27 per- 
c c r ~ t  passing a No. 35 sieve and LC percent re ta ined b;: a No. 8 sie7ve. 

Scour pnt terns  Tor the d i f f e r e n t  s i l l s  a re  shosm i n  E ' . i ~ r e  20, 
and the  naxi;num depth of scour is recorded i n  Table 2. 

From Figure 28 and T.:ble 2, it can be seen that e l l  the scour 
pirtterns were p r a c t i c e l l y  tne  sane. F3r Design B (1-1/2:1 end. s i l l )  t h c  
maxinum depth of scour was 2.5 f e e t  ~ i h i l e  2.3 f e e t  -as observed f o r  t h e  
o ther  four s i l ls .  From these t e s t s  it sppeers t h h t  the re  is  no di f ference  
i n  the  depth of scour when end s i 1 . l ~  wit'n slopes ketween 2 : l  and 13: l  nre 
used. 

I n  a l l  cases, t h e  deepest scour occurred a t  t h e  base of t h e  
1-1/2:1 s i d e  slopes of the  c?nal which were formed of' concrete i n  t h e  
model. Siilce t h e  bottom an s ide  slopes of the prototype canal w i l l  be 
forned from t h e  sane m t ~ t e r i z l ,  t h e  mrrximum depth of scour fcurtd i n  t h e  
prototype w i l l  probably be l e s s  than t h a t  o't~served in the  model. 

Further t e s t s  on d i f f e r e n t  nrrnnt7cnects in the t r a n s i t i o n  were 
made and a re  shown in Figure 29. These arre-ngemects included extendin? 
t h e  end s i l l  up the  s ide  slopes of t h e  cannl., ex tenf i in~  %he r idzes  on * t h e  stil .15.n~ !sssin r loor  various d is tacces  i n t o  the  t r a n s i t i o n ,  2nd 
sloping the  dormstream end of the r idges.  In  each czse, zn end s i l l  
wlth n 2: l  slope on t h e  upo t rem face was rnstall.ed at tine end o r  the  
t rc ins i t  ion. 



t o  eval.unte t h e  var ious  a r rnngcr~~ents ;  and, aEain ,  t h e r e  was very l i t t l e  
choice 'netween t h e  d i f f e r e n t  arrangements. FSgure 30 shows t h e  r e s u 1 t i . n ~  
acour p a t t e r n s  a f t e r  a d ischerge  of 410 second f e e t ,  and t h e  maximum 
depth  o f  scour is ta1;ulntcd i n  Table 2. The mixinurn depth o f  scour 
var ied  rrom 2.3 f'cct f o r  Design E t o  2.75 f e e t  Tor Design G. 

The t r a n s i t i o n  s t u d i e s  ind ica ted  t h a t  t h e  flow a t  t h e  end ol" 
t h e  s",.ll.in;: bnsin trcs :.re11 d i s t r i b u t e d  !?ith zorcparatively low v e l o c i t i e s .  
T h c r e S o ~ e ,  any rneson&le combination of  end c i l l .  o r  l eng th  o f  r i dge  i n  
thc  t r a n s i t i o n  mny be  used without r a t e r i a l l y  a f f e c t i n g  t h e  depth of 
scour  Ln the  cannl. 

Dc.f f ' le P i e r  Stttciies 

Aiter t h c  t r a n s i t i o n  s t u d i e s  trere completed, s e v e r a l  arrnnge- 
nen t s  o f  bnf9 le  p i e r s  were t e s t e d  t o  determine t h e i r  e f f e c t  on t h e  wave 
'r.ei.i;hts 2nd depth 03" s c o w  i n  t h e  dopmstream canal .  Ba f f l e  p i e r s  
vcrying; f ron  3 t o  11 i n  number, from 9 t o  18 inches  wide, and 29 t o  30 
inches hit:? Irere t e s t e d  i n  t he  recornmended s t i l l i n g  b a s i n  with t r a n s  i- 
t i o n  D e s i p  d, Figx-e 29. 

Figure 31 shows the sevec b a f f l e  p i e r  arrangements :rhich were 
t e s t e d .  Sacil arrz:?gement; Ims c t ~ L u 3 t e d  by measurine t h e  he ight  of  waves 
r~t t h e  clownst:'em. end of t h e  t r a n s i t i o n  a t  t h e  maximum dischcrge o f  41s 
second f e e t .  I n  a d d i t i o n ,  t h e  depth of  scour  ~ m s  recorded f o r  t he  lcst 
two p ie r  errrngen?ents, P lans  F snd G. 

Table 3 i s  n summary of t h e  r e s u l t s  ob ta ined  f r o n  the  seven 
b s r f l e  p i e r  n r rnn~emen t s .  I n  genera l ,  t he  h e i g h t  o f  waves decreased 
from C1.9 foo t  fo r  one haff le  p i e r  i n  each v a l l e y  t o  0.4 f o o t  f o r  t h r e e  
and fou r  b a f f l e  p i e r s  p e r  va l ley .  The t a b l e  r e v e a l s  t h c t  a t  l e a s t  t h r e e  
p i e r s  a r e  needed i n  eech v a l l e y  before  s u b s t a n t i a l  reduct ion  i n  wave 
he igh tc  i s  obtained. 

Plans C,  D, Ej F, and G were crrsngements us ing  t h r e e  o r  f o u r  
p i e r s  i n  the val leys.  The p f e r s  were 30 inches  h igh  wi th  widths of  9 ,  
12,  c.nd 15 inches and spaced 9 and 22-1/2 inches  i n  two rows 3 f e e t  
npnrt .  The width of t h e  piers had l i t t l e  e f f e c t  on t h e  \rave heights .  
Tee lowest wave he igh t s  (c.41 f o o t )  were obta ined  with Plans I' and G 
which u t i l i z e d  four  p l e r s  i n  t h e  ou t s lde  ve l l eys  and t h r e e  p i e r s  i n  t h e  
ce r t c r  val ley.  Plan F used p i e r s  1 2  inzh,es wide while t h e  p i e r s  i n  
Plan C were 15 inches vide. I n  both cases ,  t h e  l o c a t i o n  and spacine o f  
t h e  piers were t h e  same. 

Scour tests obta ined  with Plans F and G showed a msximum depth 
of scour of' irbout 1.7 feet, which is 0.5 f o o t  l e s s  than  t h e  minimum 
depth oi' scouto obta ined  i n  t h e  t r a n s i t i o n  s t u d t e s  without  b a f f l e  p k r s  



"-- - 
of vaves and the depth of scour can be expected i n  the prototype by 
i n s t r l l i n g  ba f f l e  pi.ers i n  the bas in  ~rccurding t o  Plans F 01' GI Figure 31. 

Spezificat ion Design of Structure 

Figure 32 shows the  d e t a i l s  oC the  drop s t ruc tu re  ss designed 
i n  the  speci f ica t ions .  Thi.s desig- includes the  recomnended kasin 
design, Figure 26, a ~ l d  the origj.nal t r cn s i t i on ,  Figure 27, with the  tops 
of the two ridges tapered from a po in t  at the  doimstrenm end of t'ne 
basin t o  the  hcttom of the canal ct the downstrean cnd of the t r ans i t ion .  
Although t h i s  pa r t i cu lc r  tm:.~sii;ion dcsign ?;~.s not t e s ted  i n  the nodel, 
the t r a n s i t i o n  s tudies  indicnted th8.t n lnor  noci.if icttt ions t o  the  ",?mi- 
t ion cou.ld 5 e  m d e  without ~ ~ t e r i x l l y  a f fec t ing  the  depth of scour, 
Table  2. 

Fi9re 33 sho-crs t'ne rirop s t ruc tu re  8 s  r,onntructed in the  f ' ield 
c t  S t ~ t i o n  2241+25. 











Figure 4 
Report  H 

WYOMING CANAL TRAPEZOIDAL DROP 
The 1:6 Scale Model 







Figure 7 
Report Hyd-371 

The struts extending into the water were used to hold 
removable baffle piers in place. 

WYOMING CANAL TRAPEZOIDAL DROP 
OPERATION O F  DESIGN 1 

(with basin baffle piers installed) 
Discharge = 410 second-feet 

1:6 Scale Model 



MrTOhi1NG CANAL TRAPEZOIDAL DROP 
OPERATION OF DESIGN 1 
(with baffle piers removed) 
Discharge = 410 second-feet 

1 :6 Scale Model 





F i g u r e  10 
R e p o r t  Hyd-371 

WYOMING CANAL TRAPEZOIDAL DROP 
OPERATION OF DESIGN 2 

(w i th  basin baff le  piers instal led)  
Discharge = 410 second - f e e t  

1 :6 Scale M o d e l  



Figure 11 
Report Hyd-371 

WYOMING CANAL TRAPEZOIDAL DROP 
OPERATION OF DESIGN 2 

(with basin baffle p iers  removed) 
Discharge .- 410 second-feet 

1:6 Scale Model 





Figure 13 
Report Hyd-371 

WYOMING CANAL TRAPEZOIDAL DROP 
DESIGN 3 (Pre l iminary)  

(with basin baffle p i er s  installed) 
Discharge = 4 10 second -feet 

1:6 Sca l e  Model 



Figure 14 
Report Hyd-371 

WYOMING C A N A L  TRAPEZOIDAL DROP 
DESIGN 3 

(with basin baffle p i e r s  removed)  
Discharge = 410 second-feet  

1 :6 Scale  Model 







Figure 97 
Report Hyd-371 

WYOMING CANAL TRAPEZOIDAL DROP 
DESIGN 4 

(with baffle piers removed) 
Discharge = 410 second-feet 

1 :6 Scale Model 



Figure 18 
Report Hyd-37 1 

WYOMING CANAL TRAPEZOIDAL DROP 
DESIGN 6 

(with baffle piers installed) 
Discharge = 41 0 second-feet 

1:6 Scale Model 



WYOMING CANAL TRAPEZOIDAL DROP 
DESIGN 6 

(with baffle piers removed) 
Discharge = 410 second'-feet 

1:6 Scale Model 





Figure 21 
Report Hyd-371 

WYOMLNG CANAL TRAPEZOIDAL DROP 
DESIGN 7 . Discharge = 410 second-feet 

1:6 Scale Model 





Figure 23 
Repert Hyd-371 

- ' 

\ K Y O M ' ~ G  CANAL TRAPEZOIDAL DROP 
DESIGN 8 

Discharge = 410 second-feet 
1:6 Scale Model 



Figure 24 
Report Hyd-371 

' WYOMING CANAL TRAPEZOIDAL DROP 
DESIGN 9 

Discharge = 410 second-feet 
1:6 Scale Model 



Report Hyd-371 





Fiq~rrcs 28 
Report Hyd-371 

A. Original transition B. Design A (pea gravel in canal) 

C. Design A (sand in canal) 

E. Design C 

WYOMING CANAL 

Scour pattern after di 
usiry different s i l l s  at 
tion 

1:6 Sc 

rsch 
dm 

ale 

D. Design B 

F. Design D 

APEZOIDAL DROP 

large of 410 second-feet 
wnstream end of transi- 

Model 



DESIGN E DESIGN F 

DESIGN G DESIGN H 

DESIGN f DESIGN J 

W Y O M I N G  CANAL TRAPEZOIDAL DROP 

MODIFICATIONS TO FLOOR OF TRANSITION 
AT END OF BASIN 

C 6  SCALE MODEL 

2- 



A. Design E B. Design F 

C. Design H D. Design J 

WYOMING CANAL TRAPEZOIDAL DROP 

Scour patterns after discharge of 410 second-feet 
using different s i l l s  and lengths of ridges in tran- 
sition 

1 :6 Scale Model 



PLANS E AND F PLAN G 

W Y O M I N G  C A N A L  T R A P E Z O I D A L  DROP 

DIFFERENT BAFFLE PIER ARRANGEMENTS 
TESTEO IN RECOMMENDED BASIN 

1:6 SCALE MODEL 



I 
REPOUT HYD. 371 




